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INTRODUCTION 

ß-catenin is a signaling molecule 
ß-catenin is a multifunctional protein that primarily helps link the cadherins (at the adherens 
junctions) to the cytoskeleton. However, ß-catenin is also a crucial signaling molecule that 
participates in differentiation and proliferation pathways. The wnt signaling pathway, known to 
reverse contact inhibition in mouse mammary cells in vitro and to cause mammary cancer in 
mice (7), results in increased levels of cytoplasmic ß-catenin (8). Wnt-\ stimulation results in 
decreased activity of glycogen synthase kinase (GSK)-3ß, that normally phosphorylates the 
tumor suppressor adenomatous polyposis coli (APC) gene product (8,9). When APC is not 
phosphorylated, it leads to the stabilization of ß-catenin. The stable ß-catenin interacts with the 
transcriptional activators Lymphocyte Enhancer-binding Factor/ T Cell Factor (LEF/TCF) (10). 
The ß-catenin-TCF/LEF complex translocates to the nucleus and effects gene expression (1,2) . 
The genes activated may include those that stimulate proliferation or antagonize apoptosis 
(11,12). And finally, stable forms of ß-catenin by themselves are oncogenic (3,12,13). These 
observations strongly point towards the stability of cytoplasmic ß-catenin as a "smoking gun" 
(12) linking cell adhesion and tumorigenesis. Thus, a strategy of down-regulating ß-catenin 
could constitute a potential way of treating breast cancer. 
In this study, we investigate the APC mediated regulation of ß-catenin stability and ß-catenin- 
LEF signaling. 

ß- Catenin and breast cancer 
Cells touch one another through a number of different surface molecules; among the most 
intriguing are the cadherins and their associated proteins (14). These proteins, in addition to 
maintaining adhesion of adult tissues, via the adherens junctions, are critical during development 
and tumorigenesis (15). Cadherin function has been shown to depend on several associated 
proteins, namely; a, ß, and (plakoglobin) y catenin (16). These molecules, link cadherins to the 
actin cytoskeleton and are probably involved in relaying cadherin-mediated-contact signals (17). 
The ß-catenin/cadherin association requires serine phosphorylation of the cadherin molecule 
(17). ß-catenin is itself a substrate for tyrosine phosphorylation and can also act as a link 
between Growth factor receptors (such as the EGFR) and the adherens junction complex (18,19). 
Mutation of the ß-catenin gene in mice, by homologous recombination, results in embryonal 
lethality. When the expression of E-cadherin and the catenins was analyzed in human breast 
carcinomas, lobular breast carcinomas showed disturbances of E-cadherin and catenins in a high 
frequency of cases (20). In ductal breast carcinomas (where E-cadherin is often unchanged), a 
high frequency of cases showed disturbance of alpha- and/or gamma-catenin expression. 50 % of 
cases with defects in E-cadherin and catenins had lymph node metastasis, whereas this number 
was low in cases with undisturbed cadherin/catenin expression (20). 
A truncated stable form of ß-catenin itself acts as an oncogene (9). The phosphorylation state of 
ß-catenin can also influence the transformed phenotype (19,21). Further, cytoplasmic ß-catenin 
associates with the tumor suppressor adenomatous polyposis coli (APC) gene product (19). 
Over-expression of APC results in the cell cycle being blocked at the Gl/S boundary (19). 
Recent evidence indicating that the tumor suppressor effects of APC are dependent upon its 



ability to destabilize ß-catenin, strongly argue the significance of ß-catenin in the control of cell 
proliferation (5,22). 

SPECIFIC AIMS (Year 3) 
Aim 1. To test the hypothesis that the tumor suppressor adenomatous polyposis coli (APC) 

regulates ß-catenin-LEF signaling 
Aim 2. To test the hypothesis that the tumor suppressor adenomatous polyposis coli (APC) can 

down-regulate wtß-catenin- but not a non-ubiquitinatable S37A mutant ß-catenin- 
induced LEF signaling 

Aim 3. To test the hypothesis that Lithium, an inhibitor of GSK3ß also, represses the ability 
of the tumor suppressor adenomatous polyposis coli (APC) to down-regulate ß-catenin- 
LEF signaling 

METHODS 
Aim 1. To test the hypotheis that APC regulates ß-catenin-LEF signaling 
LEF-Luciferase Reporter Assays (44): Cells were seeded in 12 well-plates at 1 x 105 cells per 
well. The following day, cells were transiently transfected with 1 |_ig of APC constructs, 0.4 u.g 
of the LEF-reporter pTOPFLASH (with optimal LEF binding sites) (44), 0.008 jig pCMV- 
Renilla Luciferase (Promega), per well, using Lipofectamine-Plus reagent according to 
manufacturers instructions (GIBCO-BRL). In experiments designed to monitor the effect of APC 
on ß-catenin protein, 0.3|ig FLAG-tagged wt ß-catenin was co-transfected with 0.6ug empty 
vector or APC constructs. 12 hr post-transfection, cells were treated with indicated levels of the 
inhibitors for 12 hr. Luciferase activity was monitored (24 hr post-transfection) using the Dual- 
Luciferase Assay System (Promega). The experimental LEF-luciferase reporter activity was 
controlled for transfection efficiency and potential toxicity of treatments using the constitutively 
expressed Renilla luciferase. The specificity of APC mediated effects on LEF-reporters were 
confirmed using pFOPFLASH which harbors mutated LEF binding sites, and an unrelated AP-1 
reporter. 
To monitor changes in ß-catenin protein levels, SW480 cells were transiently transfected with 
FLAG-tagged wt ß-catenin and empty vector or APC25. The co-transfection of tagged-ß-catenin 
facilitated selective analysis of transfectants only. 12 hr. post-transfection, cells were treated with 
10 uM ALLN or DMSO (vehicle). 12 hr. later the cells were lysed in NP-40 lysis buffer. Cell 
lysates were Western blotted using anti-FLAG (Kodak) and anti-GAPDH antibodies (Research 
Diagnostics). 

Aim 2. To test the hypothesis that APC down-regulates wt ß-catenin- but not the non- 
ubiquitinatable, S37A mutant ß-catenin- induced LEF signaling 
Wt or S3 7A mutant ß-catenin (45) constructs were co-transfected with empty vector or APC 25 
and the LEF-reporters, into SW480 cells. Reporter assays were performed as described under 
Aim 1. 

Aim 3. To test the hypothesis that Lithium, an inhibitor of GSK3ß also, can repress the ability 
of the tumor suppressor adenomatous polyposis coli (APC) to down-regulate ß-catenin- 
LEF signaling 



The colon cancer cell line SW480 was transfected with LEF-reporters and empty vector or 
wtAPC. Following transfection, cells were treated with 10,20, or 40 mM LiCl or NaCl (46). 
Reporter-gene assays were performed as described under Aim 1. 

RESULTS 
Aim 1. To test the hypotheis that the tumor suppressor adenomatous polyposis coli (APC) 

regulates ß-catenin-LEF signaling 
Fig. 1 (addenda) shows that the APC mediated down-regulation of ß-catenin-LEF signaling is 
reversed by a panel of proteasomal inhibitors including ALLN, Lactacystin, and MG-132, but not 
DMSO (vehicle) alone or ALLM. The proteasomal inhibitor ALLN reverses the APC mediated 
down-regulation of ß-catenin-LEF signaling in a dose-dependent manner (Fig. 2). In the same 
experiment ß-catenin protein levels were monitored by immunoblot, to verify that changes in 
APC mediated ß-catenin-LEF signaling were indeed due to changes in cytoplasmic ß-catenin 
(Fig. 3). These observations demonstrate that APC mediated down-regulation of ß-catenin-LEF 
signaling requires functional proteasomes. 

Aim 2. To test the hypothesis that the tumor suppressor adenomatous polyposis coli (APC) can 
down-regulate WT but not the non-ubiquitinatable, S37A mutant ß-catenin induced LEF 
signaling. 
Mutation of a single serine residue (S37A) within the ubiquitination targeting sequence (UTS) 
prevents ß-catenin ubiquitination (45). Non-ubiquitinated ß-catenin is not a substrate for the 
proteasome and thus accumulates in the cytoplasm. The S3 7 residue of ß-catenin is found 
mutated in a variety of cancer cell lines, leading to stabilization of the protein. If APC regulates 
ß-catenin-LEF signaling by targeting ß-catenin for proteasomal degradation, then it should not 
be able to regulate the non-ubiquitinatable S37A mutant ß-catenin induced LEF signaling. 
Wt or S37A mutant ß-catenin constructs were co-transfected with empty vector or APC 25 and 
the LEF-reporters, into SW480 cells. APC down-regulates wt ß-catenin- but not the S37A 
mutant ß-catenin- induced LEF signaling (Fig. 4). These observations further suggest that APC 
regulates  ß-catenin-LEF  signaling  through  a potential  role  in the  ubiquitin-proteasomal 
degradation of ß-catenin. 

Aim 3. To test the hypothesis that Lithium, an inhibitor of GSK3ß also, alters the ability of the 
tumor suppressor adenomatous polyposis coli (APC) to down-regulate ß-catenin-LEF signaling. 

Stambolic et al., (46) have convincingly established that physiologically effective concentrations 
of Li+ specifically and reversibly inhibit GSK-3ß activity in vitro and in vivo, and that Li+ can 
mimic the effects of Wnt signaling on ß-catenin in mammalian cells. Treatment of the breast 
cancer cell lines SKBR3 and HBL100 with lithium results in the accumulation of the 
cytoplasmic, signaling pool of ß-catenin (45). The exact mechanism by which inhibition of GSK- 
3ß leads to stabilization of ß-catenin is unknown. 
We tested the hypothesis that Li+ can inhibit the ability of APC to down-regulate ß-catenin - LEF 
signaling. The colon cancer cell line SW480 was transfected with empty vector or wtAPC, and 
treated with 10, 20, or 40 mM LiCl or NaCl. Fig. 5 shows that lithium does not significantly alter 
the ability of wt APC to down-regulate LEF-reporter activity. In light of recent additions to the 



Wnt signaling pathway (e.g. axin) (47), the effect of lithium and inhibition of GSK-3ß on ß- 
catenin-LEF signaling and the precise role of APC in this process need to be evaluated in further 
detail. 

CONCLUSIONS 

1. APC mediated down-regulation of ß-catenin-LEF signaling is reversed by a panel of 
proteasomal inhibitors. 

2. The APC induced reduction in LEF signaling and the inhibition of this reduction by 
proteasomal inhibitors are paralleled by changes in ß-catenin protein. 

3. APC down-regulates wt ß-catenin- but not the non-ubiquitinatable S37A mutant ß-catenin- 
induced LEF signaling. 

4. Lithium, an inhibitor of GSK3ß also, does not significantly alter the ability of wt APC to 
down-regulate ß-catenin-LEF signaling. 
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Figure 1. APC mediated down-regulation of ß-catenin-LEF signaling is reversed by proteasomal 

inhibitors. SW480 cells were transiently transfected with various APC constructs and treated 

with proteasomal inhibitors ALLN, Lactacystin-ß lactone, and MG-132, or with DMSO (vehicle) 

and control-peptide ALLM. ß-catenin-LEF signaling was assayed using the LEF-reporters 

pTOPFLASH and pFOPFLASH. 
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Figure 2. APC mediated down-regulation of ß-catenin-LEF signaling is reversed by the 

proteasomal inhibitor ALLN, in a dose-dependent manner. 
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Figure 3. The APC induced reduction in LEF signaling and the inhibition of this reduction by 

the proteasomal inhibitor ALLN are paralleled by changes in ß-catenin protein. SW480 cells 

were transiently transfected with FLAG-tagged wt ß-catenin and empty vector or APC25. 12 hr. 

post-transfection, cells were treated with 10 uM ALLN or DMSO (vehicle). 12 hr. later the cells 

were lysed in NP-40 lysis buffer. Cell lysates were Western blotted using anti-FLAG and anti- 

GAPDH antibodies. 
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Figure 4. APC down-regulates wt ß-catenin- but not the non-ubiquitinatable S37A mutant ß- 

catenin- induced LEF signaling 
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Figure 5. Lithium, an inhibitor of GSK3ß also, does not inhibit the ability of APC to down- 

regulate ß-catenin-LEF signaling. 
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